Background--Workforce experts predict a future shortage of cardiologists that is expected to impact rural areas more severely than urban areas. However, there is little research on how rural patients are currently served through clinical outreach. This study examines the impact of cardiology outreach in Iowa, a state with a large rural population, on participating cardiologists and on patient access.
room discharge) involving a cardiologist and primary care physician reduced the likelihood of mortality for heart failure patients. 14, 15 In addition, a follow-up consultation with a cardiologist reduced the likelihood of mortality for both lowrisk 16 and high-risk 17 patients admitted to the emergency room for chest pain. Therefore, if rural patients with CVD had better access to cardiologists, their outcomes could improve. In 2007, the American College of Cardiology commissioned a study to assess the future supply of cardiologists and the demand for their services. 4 This report, released in 2009, concluded that the United States had a then-current shortfall of 1700 general cardiologists, which could grow almost 10-fold by 2025. 18 The same report 18 suggested that "the growing shortage of cardiologists is likely to affect traditionally underserved communities such as low income or rural communities most profoundly." One of their recommendations was to research best practices for serving outreach communities. 18 This would include assessing the costs and benefits of outreach as well as tracking access in underserved rural and low-income communities. 18 One option for serving rural communities is telehealth. In New Mexico, Project ECHO connects rural primary care providers with university-based specialists using teleheath. 19 The University of Virginia Center for Telehealth supports telehealth access for many locations across the state. 20 Patients using the face-to-face video service have avoided many miles of travel by seeing a specialist without leaving their own communities. 20 Medicare does allow for reimbursement for telehealth office visits for patients living in rural areas, 20 so long as patients are located in an approved facility within a rural health professional shortage area or a critical access hospital. 21 There are challenges to using telehealth to expand access to cardiologists in rural areas. For example, few rural hospitals have operational cardiology-related telehealth programs. Using data from 2013, a recent national study of 4727 US hospitals 22 found that only 6.2% of rural hospitals had an operational cardiology, stroke, or heart attack telehealth program (the comparable figure for urban hospitals was 7.2%). Overall, 66% of rural hospitals had no operational telehealth programs of any kind (the comparable figure for urban hospitals is 68%). In addition to organizational barriers, patient attitudes towards telehealth are not always supportive. For example, a recent general population survey of patients in Montana, a state with multiple telehealth networks serving many rural areas, found that more than 43% of respondents were "unequivocally averse to telemedicine" despite the obvious benefits of reducing patient travel. 23 Given these conditions, quickly expanding rural access to cardiology care through telemedicine may be difficult. A second option for providing access to cardiology care in rural communities, and the focus of this study, is the visiting consultant clinic (VCC) approach. 24, 25 A VCC is an arrangement for regular visits to a rural site by a cardiologist, usually one from a nearby urban area. 24, 25 These clinics are a collaborative effort between a cardiology practice and a rural hospital (or clinic) located in communities that are too small to support their own specialist. 24 Specialist physician outreach involving physician travel to rural locations has been a strategy to expand access to health care in many countries. 26 A Cochrane review of the clinical literature suggests that specialist outreach improves access to specialty care for rural residents, increases the quality of care available in rural areas, and results in better health outcomes. 26 In other countries, the programs of visiting specialists are organized by national-or regional-level health planners. 26 In contrast, VCC in the United States are a "market-driven" solution and originate from agreements between independent entities. 27 In this study, we focus on the VCC approach to rural outreach in Iowa, a state with a large rural population (ie, 36% in 2010). Iowa provides an interesting case study to evaluate the costs and benefits of rural outreach through VCCs. Based on data from 2014, the per capita cardiologist ratio in Iowa is 6.82 per 100 000 in population. This compares to the national average of 7.82 cardiologists per 100 000 in population in 2013. 28 Despite the apparent shortage, cardiologists from Iowa and surrounding states have been staffing a large number of VCCs in predominantly rural areas of the state for many years. 24 It must be noted that telemedicine usage in Iowa lags behind much of the country. As of 2014, Iowa was 1 of only 4 states that did not cover telemedicine under Medicaid with exceptions for selected mental health conditions, 29 and Iowa did not require private insurers to cover telemedicine services. 21 One indicator of the state of telehealth in Iowa is that the Iowa Board of Medicine did not establish physician practice standards for telemedicine until June 2015. 30 In this study, we examined data from a statewide workforce database documenting the location, frequency, and physician participation in cardiology VCCs in Iowa for the year 2014. The goals of the study were to evaluate the extent of involvement of cardiologists in rural outreach, the costs to participating cardiologists, and the benefits of this approach of providing cardiology care in rural communities.
Methods

Study Setting
The cardiology VCC is similar to any office visit in which the cardiologist obtains patient histories, conducts physical examinations, and orders available lab and radiology tests. Cardiologists can provide preprocedure evaluations and postprocedure follow-up. In the VCC setting, cardiologists are limited to noninvasive procedures, usually diagnostic tests such as stress tests, treadmill tests, Holter monitors, ECGs and, where available, echocardiograms. The visiting cardiologists also consult with patients' primary care physicians, increasing the opportunity for better-coordinated care for patients. For more invasive procedures, patients seen in the VCC setting are referred to larger, urban hospitals with the appropriate staff and equipment. 21 The relationship between the visiting cardiologist and hosting institution is codified in an agreement that covers such issues as clinic frequency, services to be offered in the rural hospital/clinic, and payments for the space used by the visiting cardiologist. While the focus of this study is the effect of cardiology VCCs on access for rural patients, a primary motivation for cardiologists to staff these clinics is to expand and maintain their referral base. 24, 25, 27 At the same time, participating hospitals benefit from these arrangements since they retain the revenue from lab, radiology, and other tests that might otherwise go to a larger urban hospital where the cardiologist has his or her primary practice location. In addition, rural hospitals that host VCCs may improve their overall status within the community by facilitating access to specialty care in a patient's own community. Furthermore, by providing regular contact with specialists, VCCs can reduce the perceived professional isolation of the local medical community.
24-27
Data Sources 
Physician Involvement Statistics
We tested for differences in VCC participation by sex and specialty using the v 2 statistic. The difference in age by VCC participation was tested using a t statistic.
To estimate driving distances, locations of the primary practice sites for cardiologists and the VCC sites were identified using the latitude and longitude data provided by US Census Bureau place (city) data. Driving distances for visiting cardiologists (ie, from primary practice locations to VCC locations) were estimated using MPMileCharter and Microsoft MapPoint. Differences in driving distances between Iowabased and out-of-state cardiologists were tested using a t statistic.
Costs for Participating Cardiologists
To estimate the costs of providing cardiology care through VCC outreach, we estimated the direct travel costs and opportunity costs associated with travel for participating cardiologists. Opportunity costs associated with travel time and distance were estimated following the methods used in studies of specialist outreach clinics in the United Kingdom 31, 32 and psychiatrist outreach to Native American populations in New Mexico. 33 To estimate travel costs, driving times and distances for visiting cardiologists (ie, from primary practice locations to VCC locations) were also estimated using MPMileCharter and Microsoft MapPoint using the latitude/longitude information described above. For mileage costs, we used the 2014 Internal Revenue Service business mileage rate of $0.56/per mile. Using the government mileage rate is consistent with recent research evaluating physician travel costs to rural sites. 34 To estimate the time for each trip to an outreach site, we used the estimated travel time from the cardiologist's primary practice location to the VCC site. 33 For each VCC, the total travel time estimate is the 1-way travel time9average number of trips per month924 (2 trips per clinic day and 12 months a year). Data from 2013 estimates the average compensation for a cardiologist at $351 000. 35 Assuming a yearly workload of 2080 hours, this translates into average hourly compensation of $168.75.
Benefits
Rural outreach by physicians-either in-person or virtualbenefits patients by reducing the distance and time they need to travel to receive medical care. 36 Evaluations of rural outreach programs in the United States use a reduction in travel distance for patients and the number of patient visits as measures of success whether the encounter is face-to-face 37 or facilitated via telehealth technology. 20 To assess the potential benefits of cardiology VCCs in Iowa, we measure how VCCs affect the average travel distance for patients in all census tracts. This approach is consistent with prior studies of rural access to specialist physicians.
The impact of cardiology VCCs on average patient travel time is likely to vary based on whether the patient lives in an urban area or an isolated rural area. Each census tract was classified using the zip code-level rural-urban commuting area codes from 2010. 39 The 10 primary rural-urban commuting area codes designations were aggregated into 4 categories: Urban area (codes 1, 2, and 3), large rural city (codes 4, 5, and 6), small rural town (code 7, 8, and 9), and isolated rural area (code 10). The first category includes urban or metropolitan areas (ie, population centers of 50 000 or more residents). The second category consists of large rural cities with population centers between 10 000 and 49 999. The third category includes small rural towns with population centers between 2500 and 9999. Finally, there are isolated rural areas with population centers of less than 2500. These latter 3 categories (large rural cities, small rural towns, and isolated rural areas) are all considered rural (or nonmetropolitan) areas.
We used latitude and longitude data from the 2010 US Census at the census tract level. Driving times between census tract centroids and all cardiology primary practice locations were estimated using MPMileCharter and Microsoft MapPoint. This allows us to determine the closest primary practice location for each census tract in Iowa. In addition, we estimated the driving times between each VCC site and every census tract centroid. This allows us to identify the closest VCC location for each census tract. The difference between these 2 figures was determined for each census tract for the set of all cardiology VCC locations and a subset of cardiology VCC with a monthly frequency of 4 or more. The differences in driving distances were tested using the paired-comparison t test for urban areas, large rural cities, small rural towns, isolated rural areas, and all rural census tracts. All estimates of driving distance were weighted by the population of the census tract relative to all census tracts with same designation (eg, all urban census tracts).
To illustrate the effect of cardiology VCCs at the population level, we computed the cumulative distribution of the population located within a given driving time (eg, 10, 20, 30, etc minutes) of the nearest primary practice location of a cardiologist in Iowa or an adjoining state. Population estimates for all census tracts in Iowa (2010) were obtained from the US Census. This summary measure has been used in prior research to illustrate the overall level of access to specialist physicians based on travel distance for the entire population of patients (ie, across all urban and rural areas).
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Demand for Cardiology Office Visits in Rural Iowa
To provide context for the amount of cardiology care being provided through VCCs, we estimated the demand for officebased cardiology care in those Iowa counties without a fulltime cardiologist where a regular VCC is available. Using estimates from prior research, 31, 44, 45 we also estimated the number of office visits facilitated by the VCCs in rural Iowa.
To estimate the demand for cardiology office visits in rural counties of Iowa, we used the national demand estimates for cardiology office visits by age and sex from the 2010 National Ambulatory Medical Care Survey. 46 Using national census data from 2010, we recalibrated the demand per 100 persons for 8 age-sex groups (<45, 45-64, 65-74, >75, and male/ female). The number of residents by age and sex for each Iowa county was retrieved from the 2010 US Census. The resulting figures were combined to estimate the number of cardiology office visits by county. We estimated the number of patients seen during each VCC day using data from the 2010 National Ambulatory Medical Care Survey. 44 The average office visit for specialists in cardiovascular diseases was 21.4 minutes. Due to travel time, past research has assumed that a VCC day provides 5 hours of contact between the cardiologists and patients. 45 Using the mean time figure would imply that cardiologists would see an average of 14 patients per clinic day. This figure is consistent with prior research in the UK on visiting specialist clinics. 31 The mean number of patients seen across multiple visiting specialists in the United Kingdom (including cardiologists) was 15.8. All statistical analyses were conducted using SPSS (Windows version 23).
Because this research used only publicly available data, institutional review board approval was not required.
Results
As of June 2014, the Iowa Physician Information System shows a total of 222 physicians with self-identified specialties in cardiovascular disease (N=195), interventional cardiology (N=17), and clinical cardiac electrophysiology (N=10) practicing in Iowa. Overall, this results in a per capita ratio of 7.15 cardiologists per 100 000 in population. Excluding the specialists in clinical cardiac electrophysiology, the per capita ratio in Iowa is 6.82 cardiologists per 100 000 in population. This compares to the national average of 7.82 cardiologists (specialists in cardiovascular disease and interventional cardiology) in 2013. 39 Their primary practice locations were in 18 of Iowa's 99 counties.
To reach patients in rural areas, in 2014, cardiologists from Iowa and surrounding states staffed 140 separate cardiology outreach clinics in 96 cities. Thirty-five cities hosted multiple cardiology VCCs conducted by different cardiologists. A descriptive summary of these outreach clinics is presented in Table 1 .
Collectively, outreach through VCCs extended monthly access to a cardiologist to 71 additional counties. Based on data from the 2010 Census and 2010 National Ambulatory Medical Care Survey, the expected number of office visits to specialists in cardiovascular disease for the population residing in the 71 counties served by VCC outreach is 130 460.
Of the estimated 5460 VCC clinic days, only 8% were held in sites located in urban areas. More than 90% of VCC clinic days were held in locations considered to be rural. A total of 5052 clinic days were held in counties without a fulltime cardiologist. The estimated number of office visits facilitated through VCC outreach is 70 728. This represents 54% of the demand for office visits to specialists in cardiovascular disease for the population residing in these 71 counties.
A high proportion of cardiology VCC clinics days (72%) were staffed by Iowa physicians (105 clinics). One hundred (100) cardiologists from Iowa participated in a VCC in 2014. Based on the overall number of cardiologists practicing in Iowa in 2014 (N=222), 45% are involved in rural outreach activities. In addition, 67 cardiologists from adjoining states also staffed cardiology VCCs in Iowa in 2014.
Participation in VCC outreach was marginally related to sex (male VCC participation=47%, female VCC participation=32%, P<0.11) and unrelated to physician age (participating=52.7AE9.9 years, nonparticipating=52.3AE12.4 years, P<0.83) or self-identified specialty (cardiovascular medicine VCC participation=47%, clinical cardiac electrophysiology VCC participation=40%, interventional cardiology VCC participation=29%, P<0.37). The mean 1-way (estimated) driving distance for all cardiologists participating in VCC activity is 46.5AE18.6 miles. For non-Iowa physicians, the comparable figure is 65.5AE20.7 miles. This difference is significant (t=5.00, P<0.001).
Based on the estimated number of visits per month and driving distance, cardiologists from Iowa and adjoining states drive 45 813 miles per month to staff rural outreach clinics. On a yearly basis, the direct cost of travel to VCC sites is $307 865 per year (=549 759 miles per year9$0.56 per mile).
Assuming that only 1 cardiologist staffs each VCC day, total travel time for all VCCs in 2014 added up to a total of 10 939 hours at $168.75 per hour. The estimated yearly opportunity costs associated with travel to rural VCC sites is $1 845 956.
Effects of Cardiology VCCs on Patient Travel Distances
The mean 1-way travel times for urban areas, large rural cities, small rural towns, and isolated rural areas were computed separately. The results are presented in Table 2 .
For patients living in urban areas, the average 1-way travel time to the nearest cardiology primary practice site is 16.7AE9.5 minutes. For Iowans in large rural cities, the mean 1-way travel time to the nearest cardiology primary practice location is 29.9AE18.7 minutes. For those living in small rural towns, the comparable average travel time is 44.0AE17.0 minutes. For residents of isolated rural areas, the comparable average travel time is 53.4AE17.0 minutes. Travel times from all Iowa census tracts for a combined set of treatment locations (ie, cardiologist primary practice locations and VCC locations) were estimated. We conducted separate analyses for VCC sites with at least 1 clinic day per month and those with 4 or more clinic days per month. These results are also presented in Table 2 .
For urban areas, there was a small (average=1.8 minutes) but statistically significant reduction in the travel time (t=6.1, P<0.001) as a result of the additional VCC locations. Including the monthly VCC locations has a much larger impact on the estimated travel times for patients in rural areas of Iowa. The mean travel time for large rural cities drops from 29.9 to 13.4 minutes (t=9.1, P<0.001). For small rural towns, the mean travel time fell from 44.0 to 10.3 minutes (t=20.2, P<0.001). The mean travel time for isolated small towns fell from 53.4 to 20.9 minutes (t=21.9, P<0.001). For all rural census tracts, the mean travel time falls from 42.2 to 14.7 minutes (t=26.8, P<0.001). For cardiology VCC sites with a visit frequency of 4 or more times per month, the results are comparable.
To assess the impact of VCCs on patient access at the population level, the cumulative distribution of the population located within a given driving time (eg, 10, 20, 30, etc minutes) of the nearest primary practice location of a cardiologist in Iowa or an adjoining state was computed. These results are presented in Figure 2 .
Sixty-one percent of Iowa's population resides in census tracts within a 30-minute drive of a primary practice location of a cardiologist. This is consistent with the 2010 census data, which say that about 64% of Iowa's population lives in urban areas. These data show that 39% of Iowa's population lives further than a 30-minute drive from the primary practice location of the closest cardiologist.
The population-level analysis was repeated with the inclusion of the information regarding the locations and frequencies of cardiology VCCs. The first analysis determined the cumulative proportion of the population living within a given driving time of the closer of the nearest cardiologist's primary practice location or VCC location. The second analysis restricted the VCC locations to those sites with a visit frequency of at least 4 per month. The results are also presented in Figure 2 .
The percentage of the population living within a 30-minute drive of any cardiology VCC site is 94%. If we only consider those VCC sites where a cardiologist is present at least 4 or more times per month, the proportion of the population is 87%.
Discussion
The 2009 Lewin Group report recommended research into ways to serve rural areas since they are likely to be more negatively impacted by future shortages in the general cardiology workforce. 18 To this end, this study represents an attempt to document the extent of cardiology outreach through visiting consultant clinics in rural communities in Iowa. Several findings reported here are of particular interest. First, in 2014, cardiologists from Iowa and surrounding states staffed 5052 clinic days in 71 counties without a full-time cardiologist. These clinic days could be expected to accommodate 70 728 visits by patients in their own community hospital or clinic. To put this level of outreach in perspective, consider that the UVA Center for Telehealth estimates that, between 1994 and 2013, it has facilitated some 30 000 clinical patient encounters across more than 40 medical specialties 47 involving patients in rural areas of Virginia. This level of activity makes the UVA "a model for other telehealth centers around the country" and it has been designated as 1 of 14 regional telehealth resource centers by the federal government. 48 The yearly number of patient encounters facilitated by cardiology VCCs in Iowa is about 10 times the yearly number of patient encounters (%7000 in 2015) of the entire UVA telehealth system. 48 It should also be noted that Virginia has more 900 000 more citizens living in rural areas than does Iowa. The second key finding is the effect of VCC outreach on patient travel distances for the entire state of Iowa. Due to cardiology VCCs, an additional 33% of the population lives within a 30-minute drive of a location where they can meet with a cardiologist on at least a monthly basis. Based on a population of about 3 million people, this translates to more than 1 million rural residents of Iowa improving their access to office-based care from cardiologists. As noted above, the care delivered by cardiologists in the VCC setting is limited compared to the more expansive set of treatment options available in an urban hospital.
We emphasize the 30-minute travel standard since it is used to define Health Professional Shortage Areas. In addition, there is limited research suggesting that travel distance may be a barrier for patients to meet with a cardiologist. A small-scale (N=45) study of rural women with heart failure in New York State finds that 100% of these patients met regularly with their primary care physician. 49 The average travel distance to their primary care physician was 6.4 miles. In contrast, only 50% regularly met with a cardiologist with an average distance traveled of 32 miles. We do not know the travel distance to the nearest cardiologist for the 50% of the sample who did not regularly meet with their cardiologist. Since the entire sample was drawn from similar areas of the state, we could assume that the travel distances for all patients were comparable. The 50% difference in regular meeting frequency between one's primary care physician (average distance=6.4 miles) and cardiologist (censored average distance=32 miles) suggests that for some rural patients, a relatively long travel distance can serve as a barrier to seeking care from a cardiologist. This should be of concern given the evidence that heart failure patients receive better care from cardiologists than from primary care physicians alone.
14 Third, increased access comes at a cost to the participating cardiologists. As a group, they spend a great deal of time on the road traveling to and from the rural locations. The opportunity costs due to driving time and direct travel expenses are considerable. We have estimated these costs to be more than $2.1 million per year. We have not included additional costs such as rental payments to the hosting institution or any costs for nursing staff that may accompany the visiting cardiologist. We have provided descriptive data on some of the costs of providing distant access from visiting cardiologists. Future research on other costs related to cultural, monetary, and temporal issues for both patient and provider need to be explored.
The impact of the additional travel and patient care coordination issues associated with VCC involvement on physician job satisfaction and turnover are unknown. In addition, consider that 45% of Iowa-based cardiologists regularly participate in rural outreach. If this model of providing care to rural communities is to be maintained, there may be implications for the training of existing and future cardiologists.
Fourth, the visits by Iowa-based cardiologists as well as those from adjoining states to outreach sites may be thought of as the importation of specialist physician services into underserved areas. Based upon the 5 hours of clinic time per VCC day, 46 visiting cardiologists are providing about 27 300 hours of care in communities outside their primary practice locations per year. Based on a 2080-hour work year, this translates to an average of 13.13 full-time equivalent cardiologists. Some suggest that financial incentives be used to convince cardiologists to practice in rural areas. 11 As a thought experiment, consider the effect of convincing 13 members of the existing cardiology workforce to move to an unserved rural county, increasing the number of counties with a fulltime cardiologist from 18 to 31. While this is a substantial improvement, this is well below the 89 counties currently being served through the VCC model. Of course, a resident cardiologist in a heretofore unserved rural county would provide more temporal access than the current VCCs provide. However, it is not certain that there would be enough patients for the rural practice to survive, thus increasing the subsidy costs required to maintain access for a smaller number of rural patients. This study has a number of limitations. First, our analysis does not include patient-level data. Therefore, we cannot determine precisely how many patients are seen in the VCC setting or their diagnoses, exact travel distances, or the services they received in the local hospital.
Second, we focused on the involvement of cardiologists in rural outreach in a single state with some unique features. Besides the regulatory issues with telemedicine, there may be other circumstances specific to Iowa such as geography or the medical insurance environment that do not generalize to other states. Furthermore, we did not evaluate the quality of the medical care provided by visiting cardiologists, the utilization of the VCC, or its effect on outcomes. These are additional areas for future research.
In conclusion, this study attempts to fill a significant gap in the literature about cardiology outreach in rural areas. Based upon this study, the visiting consultant clinic does appear to be an effective means to improve access to office-based cardiologists for rural Iowans. The VCC approach increased access from 18 counties to 89 of the 99 counties in Iowa. The 5052 clinic days staffed in these 71 counties provides the opportunity for more than 50% of the population's office visits to cardiologists to occur in the patient's own county.
Of all cardiologists practicing in Iowa, 45% participated in VCCs in 2014. These outreach clinics resulted in the redistribution of the equivalent of 13.13 full-time equivalent cardiologists from their urban-based practices to underserved rural areas. Despite aggregate direct and opportunity costs associated with physician travel of more than $2.1 million per year, this level of rural outreach activity implies a perceived positive cost/benefit for the participating cardiologists.
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